Recently, the advances in the synthesis of new types of nanomaterials have created several opportunities in drug delivery and targeted therapy applications. Among the various nanostructures, gold nanostructures with controllable physical and chemical properties have received attention for various biomedical uses, including sensing of biomolecules, in vitro and in vivo bioimaging (as advanced contrast agents for photothermal and bioimaging techniques), photothermolysis of cancer cells, and targeted drug delivery. The attractive properties of gold nanomaterials, particularly, anti-angiogenic properties, are highly useful in a variety of cancers studies. In addition, they can bind many proteins and drugs and can be actively targeted to cancer cells over-expressing cell surface receptors and they are biocompatible in nature with a high atomic number, which directs to greater absorption of kilovoltage X-rays and provides greater contrast than standard agents. In this review, we have summarized the synthesis, structure and functionalization of gold nanostructures, and their biomedical applications with special reference to cancer studies.
Introduction
Targeted drug delivery has received attention from researchers for development of pharmaceuticals. Particularly, the researchers have focused on developing drug delivery systems for treatment of advanced cancers. Drug localization, the absence of side effects, and the dosage are some advantages of targeted drug delivery (Kumar et al. 2013) . Photothermal therapy (PTT) is a unique strategy for the treatment of cancers (Cheng et al. 2008) . Necroptosis plays an important role in the patterned cell death in PTT (Parida et al. 2017) . Gold nanostructures are capable of photothermal energy conversion, i.e., the conversion of light energy into heat energy. This special characteristic can be used to control the release of drugs. Gold nanostructures can also be used for cell ablation and killing of cancer cells in plasmonic PTT. Based on these properties, gold nanostructures can serve as a multifunctional platform in the biomedical field .
Gold has a significant history in terms of biomedical and biological applications. In 1857, "fine particles" were discovered by Faraday by the reaction of HAuCl 4 with phosphorus dissolved in CS 2 . In this reaction, the "fine particles" formed had a ruby red color; and these have been stable for more than 100 years (Faraday 1857) . In 1908, Gustav Mie established solutions of the Maxwell equation; he suggested that the intense red color of gold nanoparticles (AuNPs) was caused by their absorption and light scattering (Mie 1908) . The first report of gold being used in the treatment of arthritis was in 1934 (Forestier 1932) ; it reduced inflammation in the patients. In 1950s, AuNPs were used as radiotracers for lymph node biopsies in humans (Sherman and TerPogossian 1953) . In 1957, John Turkevich prepared colloidal AuNPs that were spherical, polydisperse, and 1-160 nm in size (Turkevich 1985) . A publication by British biological researchers titled "An immunocolloid method for the electron microscope" in 1971 brought a revolution in immunochemistry. They described the conjugation of antibodies with AuNPs, which served as immunochemical markers. Thereafter, colloidal gold conjugates were used in various medical and biological fields (Dykman and Khlebtsov 2012) . Figure 1 shows that AuNPs are used in a very wide range of medical and biological fields, especially in
Synthesis of gold nanomaterials
Numerous physico-chemical and biological routes are used to synthesize AuNPs that are highly stable against the oxidation. The surface area, size, and shape of the AuNPs can be tuned according to their applications by modifying synthesis procedures Priyadarshini and Pradhan 2017) . The synthesis and characterization of noble metalcontaining compounds should be carried out carefully due to their biomedical applications. There are many methods for the synthesis of AuNPs including chemical or green synthesis methods. According to the synthesis method, different shapes of AuNPs can be prepared (Fig. 2) . Moreover, their applications vary depending on the synthesis method (Pal et al. 2005) . 
Chemical syntheses

Gold spheres
To synthesize AuNPs, a variety of methods, such as sodium citrate-stabilized microemulsion, seeding growth, photochemistry, and radiolysis have been used. A previous study showed that the physiochemical properties differed depending on the synthesis procedure adopted (Zhou et al. 2009 ). Nanospheres have resonance wavelengths in the visible region. Adjusting the size and resonance wavelengths of nanospheres is useful in biomedical applications. The most common method for controlling the size of AuNPs is the use of capping agents, which include surfactants, ligands, or polymers. Synthesis of AuNPs larger than 100 nm without sharp edges and corners is difficult (Jana et al. 2001) . Huang et al. (2005) prepared chitosan-gold composite, spherical nanoparticles and films, which had a wine-red color and showed plasmon absorption bands at 522 and 532 nm. They reported that during film formation, a nanocomposite was formed with a branch-like structure, but when the film was cast from 30 μL, no branch-like structures were formed. Later, Bhumkar et al. (2007) synthesized chitosan-reduced AuNPs as novel drug carriers; the main advantages of chitosan-reduced nanomaterials are biocompatibility, improved surface properties, and low cost. Similarly, using chitosan as a stabilizing agent, Jin et al. synthesized plasma AuNPs under atmospheric conditions (Jin et al. 2013) .
Citrate is a commonly used chemical for stabilizing the AuNPs. Using the citrate method, Zhou et al. (2012) synthesized 20-30 nm AuNPs; these nanoparticles were highly stable and well dispersed. Ascorbic acid is an excellent reducing agent as it is stable against hydrolysis, is biodegradable, and has low toxicity. Zhang et al. (2005) synthesized AuNPs with different sizes using ascorbic acid and by varying the surfactant to water ratio. Link et al. (1999) proposed that different chemical synthesis procedures could be used for synthesizing different size of AuNPs. For example, a mixture of chloroauric acid and gold solution under reflux could be used for synthesizing 20 nm AuNPs, whereas 10 nm AuNPs could be synthesized by the sodium citrate reduction method. Sulfur-containing ligands such as trithiols, disulfides, and xanthates can also be used in the synthesis of AuNPs. Although disulfides, as well as thiols, cannot be stabilized, they have catalytic activity (Daniel and Astruc 2004) .
Gold clusters
Gold nanoclusters (AuNCs) are tiny particles that contain few to ten atoms. They show different fluorescence properties in visible region and NIR region depending on their size. Moreover, their quantum yield is up to 0.001 million times stronger than the bulk metal ions (Huang et al. 2007 ). Lin et al. (2009) synthesized water-soluble AuNCs by forming the AuNPs in an organic phase and then extracting them into aqueous solution, where they exhibited red photoluminescence (PL) at 650 nm. Similarly, Wu et al. (2010) prepared ultra-small NIR AuNCs with a size of about 2.7 nm when synthesized by the same procedure (i.e., HAuCl 4 with BSA). The red fluorescence of the prepared AuNCs showed an emission peak at 710 nm. Glutathione is an excellent reducing and stabilizing agent for the synthesis of AuNCs with sodium borohydride; it has a quantum yield of 10 −3 (Link et al. 2002) . In another study, Santiago et al. (2010) synthesized AuNCs containing only 2-3 atoms by a simple electrochemical method using polyvinylpyrrolidone; the prepared AuNCs also had magnetic properties. Singh et al. (2017) developed bovine serum albumin (BSA) and glucose-conjugated AuNCs (Glu-AuNCs) for targeting cancer cells. BSAAuNCs showed better response in the A431 cell line than in the HaCaT cell line. The glucose-conjugated AuNCs were not internalized in the HaCaT cells but were internalized in the A431 cells, which was suggested to have happened through the Glut-1 receptors.
Experimental methods of synthesis can be classified into "bottom-up" and "top-down" approaches. Atomic species form AuNCs in the "bottom-up" approach. Many researchers synthesized AuNCs with phosphine acting as a reducing and stabilizing agent (Bellon et al. 1972; Weare et al. 2000) . Thiol is used as a capping ligand for the synthesis of AuNCs in the "bottom-up" approach; it also acts as a reducing agent to change the oxidation state of gold from + 3 to + 1 (Zhu et al. 2008) . The "top-down" method is also a very effective method for the synthesis of AuNCs. For "top-down" synthesis of AuNCs, two methods, namely the thiol conventional and citrate-stabilized methods (Jin et al. 2004 ).
Rods
In 1989, Wiesner and Wokaun reported a seed-mediated growth method by reducing HAuCl 4 in the presence of colloidal gold nuclei by adding white phosphorus, and then starting growth by addition of H 2 O 2 . Jana et al. proposed the use of a cationic surfactant, cetyltrimethylammonium bromide (CTAB), for the synthesis of gold nanorod (GNR) in 2001 (Jana 2005; Nikoobakht et al. 2003) . According to their report, there are three main seed growth methods:
1. Three-step seeded growth. 2. One-step, silver-assisted seeded growth. 3. A seedless approach to silver growth.
In the first method, three solutions are used: (1) citratecapped AuNPs that act as seeds, (2) HAuCl 4 and CTAB, the latter of which acts as a surfactant, and (3) ascorbic acid that acts as a reducing agent. After a specified time, the first growth solution is mixed with the second growth solution, and then finally transferred into the third solution. Nikoobakht et al. synthesized a CTAB-capped seed to replace the citrate-capped growth seed and added silver nitrate to the growth solution. This modification overcame many disadvantages and limitations of the previous methods (Nikoobakht et al. 2003) . Using this modified second method, high yields of GNR were obtained in the ratio of 1.5-4.5 without centrifugation. Many researchers now utilize various modifications of the one-step, silver-assisted seeded growth method . Finally, third method is one-pot synthesis of GNR by adding sodium borohydride to the growth solution without using seed solution; it is also called "seedless" GNR synthesis method.
Busbee et al. developed a GNR synthesis method requiring minimal purification; they synthesized GNR with 90% yield using this method (Busbee et al. 2003) . Photochemical synthesis is a good way to get uniformly sized GNR. The addition of silver ions in the synthesis dictates the fine shape of GNR (Kim et al. 2002) . Monodispersed GNR with high yield (50%) were synthesized by control of the surfactant concentration, temperature, and stability of growth (Perez-Juste et al. 2005) . By a variety of different seeds, having different surfactants, GNR with size ranging from 4 to 18 nm were synthesized. The large size seeds resulted in lower sized GNR (Gole and Murphy 2004) .
Plates
Gold nanoplates are plate-like structures that are roofed by two relatively basal (111) planes. Chen et al. prepared triangular gold nanoplates by one-pot seedless growth method with high yield. Compared to the previously used methods, the iodide ions (used in their method) act as dual functional reagents, removing other shape impurities and forming gold nanoplates at the binding sites ). Zhu et al. developed a novel chemical method at high and low temperatures for the synthesis of hexagonal gold nanoplates. By PVP and CTAB as surfactants, they also synthesized different shapes, such as star-like, shield-like, and trigonal (Zhu et al. 2011) . Alloyeau et al. (2015) proposed a novel method that involved radiolysis within a scanning electron microscope, which allowed for both the control and measurement of the growth of the gold nanoplates. Luo et al. (2015) synthesized a single crystalline structure of nanoplates using radiation microscopy. This method was more advanced than those used to make previous, traditional polycrystalline metal films, because the flat surface was formed from atoms (James et al. 2015) . James et al. optimized a new technique, "Daisynth," to synthesize gold nanoplates. This technique produced near-infrared absorbance with the required localized surface plasmon resonance (LSPR) at a higher yield than other conventional methods (James et al. 2015) .
Cubes
Due to their square cross section and sharp edges, nanocubes are receiving more attention than other metallic nanomaterials for plasmonic optics and biomedical applications. Cube-shaped, bimetallic nanomaterials with a gold core range from 13.4 to 50 nm. Zhu et al. (2015) found that the size, shape, and yield of these nanocubes were dependent on temperature; they determined that the absorbance peak blueshifted with a variation in temperature. Ding et al. (2015) synthesized gold nanocubes by adjusting the volume of gold seed and silver nitrate, which altered the edge lengths of the gold cubes. They developed a single-core shell nanostructure for surface enhanced Raman scattering (SERS) activity. In another study, Chu et al. (2015) reported a new method with higher sensitivity for glucose on the thiol graphene surface of uniformly sized gold cubes. A well-distributed crystallization of gold on the graphene layer was made possible by bridging of the sulfhydryl groups with the gold. By the Langmuir-Blodgett technique, Mahmoud and group examined well-organized 2D arrays of gold nanocubes. Gold nanocubes were organized by changing the length of the polyethylene glycol (PEG) polymer (Mahmoud 2015) . Using the discrete dipole approximation (DDA) method, Bordley and group investigated the field coupling of gold nanocubes in face-to-face dimer configurations, due to the loss of dipole distance or electromagnetic field. They found clear evidence of a new region of near field coupling, marked by a new large plasmonic mode (Bordley et al. 2015) .
Green synthesis of gold nanoparticles
Recently, researchers have been interested in developing ecofriendly green chemistry methods to synthesize metal nanoparticles. The green synthesis method has several advantages over conventional methods, such as being simple, nontoxic, inexpensive, efficient, requiring ambient temperatures and pressures, and needing no additional reducing or capping agents. Using this method, AuNPs were synthesized with Butea monosperma leaf extract acting as a capping and reducing agent (Patra et al. 2015) . Using bovine serum albumin (BSA), Xie and group synthesized red fluorescent AuNCs containing 25 gold atoms and having an emission of 640 nm by using a simple, one-pot, "green" method and this material was stable in a pH range of 3-12 (Xie et al. 2009 ). Ateeq et al. (2015) used patuletin, which was isolated from Tagetes patula, as a reducing agent for the one-pot synthesis of AuNPs; they obtained a higher yield of 63.2%. Suarasan et al. (2015) synthesized AuNPs at different concentrations and temperatures with gelatin as a reducing agent. Gelatin has a high level of biocompatibility toward osteoblasts and does not alter cell proliferation and viability. Chlorogenic acid can be used as a reducing and capping agent for the green synthesis of AuNPs. Chlorogenic acid inhibits proinflammatory cytokines and other inflammation-related genes. Functionalization of chlorogenic acid in AuNPs produces stronger anti-inflammatory activity than chlorogenic acid alone (Hwang et al. 2015) . Li and group synthesized water-soluble L-carnosine-assisted AuNCs via an easy, onestep method, which had a strong red fluorescence with a quantum yield of 3.4% (Li et al. 2016) . Bagci et al. (2015) used a simple and rapid method to synthesize AuNPs for cysteine detection, using apple juice at room temperature. The particle color, stability, and color change during the reaction with cysteine were suitable for cysteine detection. In other study, Annadhasan et al. (2015) described a natural sunlight irradiation method for the synthesis of AuNPs for colorimetric detection. The reaction started within 2 min, and AuNPs were synthesized within 20 min of sunlight irradiation. N-cholyl-l-valine was used to avoid aggregation and control the size and shape of the nanoparticles. Dong et al. (2004) proposed a photochemical method for synthesis of AuNPs by UV solar radiation. By adjusting the concentration of Au(III) ions, they were able to synthesize different sized AuNPs with the solar radiation (Dong et al. 2004 ). Dhas et al. (2012) synthesized novel AuNPs by using Sargassum myriocystum extract. These synthesized materials were well dispersed and small in size ranging from 10 to 23 nm.
Functionalization of AuNPs
Considering the profitable chemical, physical, and biological properties of AuNPs, they have been used in many applications, fabricated with metal ions, polymers, carbohydrates, and organic compounds. Polyethylene glycol (PEG) is commonly used to functionalize AuNPs alone or in combination with biotin, peptides or oligonucleotides; it can help to interact with cells (Tiwari et al. 2011) . The internalization of functionalized AuNPs in cells depends on the attached ligands, size of the nanoparticles, and molecular weight of the PEG. The efficiency and specificity of nanoparticlebased drug delivery systems can be enhanced by functionalization with the amino acids and peptides (Ghosh et al. 2008) . Functionalization of AuNPs with the peptides like CALNN and its derivative CALNNR8 is used for targeting the intracellular components and as an effective cell-targeting agent (Sun et al. 2008 ).
Glucosamine functionalization of AuNPs enhanced their antibacterial activity. Naturally, glucosamine has an electrostatic nature; it prevents aggregation of AuNPs and also increases bacterial oxidative stress (Govindaraju et al. 2015) . Xiaoning et al. functionalized AuNPs with different ligands to impart antimicrobial activity against multi-drugresistance bacteria. Cationic-and hydrophobic-functionalized AuNPs successfully inhibited the growth of 11 clinical, multi-drug-resistance bacteria (Li et al. 2014 ). Mitra et al. developed drug-conjugated (i.e., 9AA-HCl, AY, AO, and Pro) AuNPs for antibacterial activity. These drugs were conjugated through a simple, stirring method; the addition of the drugs decreased the plasmon band. These composites provided better antibacterial activity than the bare drugs (Mitra et al. 2014) .
AuNPs were coated with lysostaphin to produce a novel material with antibacterial activity against methicillin-resistant S. aureus. This product had slightly greater antibacterial activity than lysostaphin-functionalized silver nanoparticles . Isoluminol (6-amino-2,3-dihydrophthalazine-1,4-dione), a highly luminescent molecule that can function as a reducing agent, was used to functionalize AuNPs to produce uniquely shaped particles . Recently, AuNPs were doped with graphene oxide, which increased their antibacterial activity (Govindaraju et al. 2016) . GNR functionalized with PSS, CTAB, and PEG was prepared to reduce their cytotoxicity to the cells. PSS-AuNRs showed low toxicity to the cells, whereas PEGAuNRs showed no toxicity (Alex et al. 2017 ).
Applications of gold nanomaterials
Drug delivery
Gold nanomaterials are promising nanomaterials in medicine, especially for the targeted drug delivery. Due to their varying structure, small size, easy synthesis method, and surface modifications, they are emerging as a new class of targeted drug delivery systems. Many methods have been developed for drug loading in the AuNPs, including direct conjugation involving Au-S or -N linkages, capping ligands, electrostatic interactions, van der Waals forces, and hydrogen bonding. Examples of these drug delivery systems are illustrated in Fig. 3 . Tian et al. (2016) developed a new technique for monitoring drug release using gold nanostar. Using this technique, it is possible to track and monitor real-time drug release from gold nanostars in living cells and mice. Highly hydrophobic GW627368X was conjugated with GNR embedded block copolymer micelles to play a dual role in both drug delivery and photothermal therapy. High concentrations of glutathione help to release the drug from the material (Parida et al. 2017) . Chemical conjugation of Taxol to AuNPs was reported to show greater toxicity to the T47D cell line than that shown by non-conjugated and Taxol-free material (Alhalili et al. 2017 ). This study demonstrated that AuNPs conjugated with Taxol are an efficient drug delivery system. Negatively charged, 39.9 nm, PEG-AuNPs had a 9.7% loading capacity for doxorubicin (DOX). Glioma-bearing mice treated with PEG-DOX-AuNPs had a median survival time that was 189% longer than that of the saline control group. This demonstrated that the DOX release produced a better anti-glioma effect than in other studies (Ruan et al. 2015) . Liposomal drug carriers with encapsulated AuNPs have achieved target-and time-controlled drug release. When exposed to laser light, light energy is converted to heat energy; liposomes release the AuNPs that release the drug to the target site. This technology is an attractive option for targeted and controlled drug delivery (Lajunen et al. 2015) . Bishop et al. developed polymer-coated AuNPs for co-delivery of DNA and siRNA. These hybrid nanoparticles are a new platform for gene therapy of human cells (Bishop et al. 2015) . Different materials are functionalized with gold nanomaterials used in drug delivery system (Table 1) .
Photothermal therapy
Photothermal killing of a cancerous cell is a promising technique in cancer treatment. Figure 4 illustrates the basic concept of PTT. During PTT, the AuNPs become hot when they reach their maximum absorption in the visible or near infrared region, leading to cell death (Kennedy et al. 2011 ). Thus, laser-irradiated AuNPs could act as a therapeutic agent without the presence of a drug. Selectively inducing cell death is possible by adjusting the size, shape, particle number, and laser energy. This property makes AuNPs potentially useful in PTT and treating other diseases. Figure 5 shows the basic principle of PTT, which is the conversion of light into heat energy. Many methods of heating are available in the PTT, such as using lasers, microwaves, or ultrasound (Svaasand et al. 1990; Philipp et al. 1995; Seki et al. 1999; Jolesz and Hynynen 2001) . Gamal-Eldeen et al. developed gum ArabicAuNPs as efficient PTT agents against the liver cell line PNLS. These nanoparticles interacted with hepatocytes and activated caspase-3, leading to apoptosis (Gamal-Eldeen et al. 2016) . Pitisillides et al. developed a new technique to target cancer cells using 20 ns laser pulses to generate heat around the particles of 20 and 30 nm (Pitsillides et al. 2003) . In the K562 cancer line, 2-3 J/cm 3 was reported to be sufficient to damage the cells with 10-15 nanoparticles of 20 nm size (Zharov et al. 2003) .
Similar to AuNPs, other gold structures and conjugates also are useful candidates for PTT. Some prostate and metastatic liver cancer cells give good responses to immune nanoshells in PTT (Choi et al. 2007 ). PEGylated gold SiO 2 nanoshells with a thickness of 10 nm were used for photothermal, anticancer activity by Halas and West (Hirsch et al. 2003) . Von Maltzahn et al. reported that PEG coated with GNR showed increased blood circulation time in vivo and increased accumulation at the cancer site (Von Maltzahn et al. 2009 ). After irradiation with a continuous-wave (CW) laser for 10 min, gold nanocages increased the temperature of cancer cells to 50 °C, demonstrating their potential for PTT cancer treatment (Chen et al. 2010 ). To enhance their (Bhowmik et al. 2017) PTX-COS AuNPs Paclitaxel DNA and mitochondrial membrane Apoptosis (Manivasagan et al. 2016) activity during PTT, AuNPs can be functionalized with different nanomaterials or active targeting moieties on their surface (Loo et al. 2005; El-Sayed et al. 2006; Chen et al. 2007; Huff et al. 2007; Lu et al. 2009; Melancon et al. 2014) . In CW laser PPT, two mechanisms can kill the cells. First, heat increases upon irradiation, leading to hyperthermia. Second, during laser irradiation, the high photon density and repetitive absorption of photons by gold materials lead to cavitations (i.e., vapor bubble formation) (Tong et al. 2009; Qin and Bischof 2012; Nanocavitation 2013) . Gold nanostructures are promising candidates for PTT of cancer and other diseases. However, there are still some drawbacks and unanswered questions regarding PTT, such as material stability, biocompatibility, physiochemical interactions, and blood circulation time. The killing mechanisms of PTT with gold nanomaterials need to be investigated in more detail. The high cost of gold may also play a major role in limiting its use in PTT (Dykman and Khlebtsov 2012; Yang et al. 2015) . Gold nanomaterials and their efficiency against cancer cell lines are listed in Table 2 .
Photodynamic therapy
The use of photosensitizer drugs that are activated by visible light of a particular wavelength for the treatment of diseases is called photodynamic therapy (PDT). Affected cancer cells are irradiated with a wavelength of laser light, corresponding to the peak of drug absorption (Dykman and Khlebtsov 2012) . In addition to the aforementioned heat therapy, another mechanism plays a role, namely the photochemical generation of oxygen free radicals, which induces necrosis and apoptosis in cancer cells (Wilson 2008) . Gold nanomaterials have received considerable attention in the PDT field. A phosphatidylcholine-conjugated AuNPs showed improved solubility in polar solvents, increased yield of singlet oxygen (up to 50%), and improved selectivity for tumor targeting compared to free Pc molecules. When the AuNPs absorb light, electrons transfer to the excited state and lead to overproduction of reactive oxygen species (Negishi et al. 2004) . Figure 6 illustrates the mechanism of radiation damage to the tumor cell.
Two important properties of gold-based photosensitizers are that they can penetrate to the depth needed for effective cancer treatment, and they are more stable than the organic dyes (Vankayala et al. 2014) . Recently, Hwang et al. confirmed that GNR have a high potential to destroy cancer cells by irradiation of laser light at 915 nm. Along with gold, nanoconjugates composed of, for example, peptides, proteins, photoactive substances, nanoshells, nanoechinus, and nanocages are also useful for PDT (Dykman and Khlebtsov 2012; Yang et al. 2015) . However, the photosensitizer should persist in the targeted area for a long time, and the heating should be low for the dye alone. Functionalization of gold nanomaterials and their efficiency in the photodynamic therapy is listed in Table 3 .
Radio-labeled AuNPs as multifunctional target therapy
Multifunctional systems have been synthesized with different targeting agents to the nanoparticles. AuNPs can be utilized in multifunctional target therapy when using multifunctional probes that have properties such as optical quenching, and SERS and X-ray absorption properties. These specific properties may be useful in multi-modal imaging and in radiotherapy in the pharmaceuticals fields.
For example, Luna-Gutierrez et al. (2012) developed peptide-conjugated AuNPs for targeted radionuclide therapy of tumors expressing α(ν)β(3) integrins. The 177 Lu-labeled AuNPs were conjugated with the c (RGDfK)C (cyclo (ArgGly-Asp-Phe-Lys) Cys) and their dosage was compared with the monomeric and dimeric RGD peptides for efficiency against tumors in mice. Overall, the conjugated AuNPs showed higher efficiency against the cancer.
177 Lu-AuNP-RGD were used to treat cancer and their effect was compared with the AuNPs and their RGD conjugates with the 177 Lu (Vilchis-Juarez et al. 2014 ). This multivalent system using (Penon et al. 2017) Page 9 of 13 113 117 Lu can also be used in combination with thermoablative therapy using laser heating or an RF field given its high cell internalization (Luna-Gutierrez et al. 2013) . Rambanapasi et al. (2015) studied the biodistribution of dual-radiolabeled citrate-coated AuNPs for the oral and intravenous administrations. They found that the AuNPs and citrate-coated NPs showed different biodistribution, which was dependent on the dose level. AuNPs were labeled with the 125 l and 111 ln and functionalized with the MMP9 cleaved peptide, which makes the multifunctional targeted nanomaterial for the SPECT imagining. These accumulate around the edges of the tumors. This kind of multispectral SPECT imaging was used to differentiate the tumors from each other (Black et al. 2015) . AuNPs coated with the 64 Cu-DOTA and PEG 2 K-DOTA were used to check the radio labeling efficiency for the cancer imaging therapy. It showed 81.3% efficiency and more stable with the serum samples. This material was reported to be suitable for the radio labeling and cancer imaging and therapy (Xing et al. 2014 ).
Other biomedical applications
The AuNPs have various applications including in Surface Enhance Raman spectroscopy, glucose sensors, detection of cancer cells, and biological activities such as anti-diabetic and anti-inflammatory. Karthick et al. developed novel Gymnema sylvestre containing AuNPs for anti-inflammatory activity on diabetic rats. The synthesized nanomaterials effectively reduced the blood glucose levels and provided good anti-inflammatory activity, assessed by inflammatory markers TNF-α, IL-6, and hsCRP . Properties of AuNPs, such as high-scattering cross section and superior photo-stability, make them a good candidate for imaging based applications. The AuNPs were suggested to be the part of next generation bioimaging platforms for cancer imaging (Huang et al. 2007 ). Wu et al. (2007) developed a nine-layer multiwall carbon nanotube conjugate with AuNPs and glucose oxidase enzyme. It provided the best result among the glucose sensors available with the limit of detection being 6.7 µM only in 7 s. Sokolov et al. (2003) developed molecularly targeted AuNPs against cancer cells by conjugating anti-epidermal growth factor receptor to the AuNPs. By scattering the nanoparticles through monochromatic or normal laser pens, these AuNPs could be used for optical labeling of the cancer biomarkers. Owing to their availability and simple design, white-light illuminations have more advantages than the single-wave length illuminations. Another study used 40 nm AuNPs for cancer detection in vitro in the dark field mode (El-Sayed et al. 2005) . The greenish SPR light scattering at 530 nm is used for the optical imaging of AuNPs; anti-EGFR anti-bodies are conjugated for specific binding to the cancer cell surface. Two-photon excitation using femtosecond NIR laser was successfully used for imaging mouse ear cancer cells in vitro ).
Conclusion
Stability, adaptable structure, functionalization, and ability to control drug release are some of the desirable properties of targeted drug delivery systems. Great achievement has been made in gold nanostructures in recent years. In this review, we have discussed the different shapes, synthesis procedures, functionalization, and the use of AuNPs as drug delivery agents and therapeutics. Gold nanomaterials are synthesized in aqueous media by the use of ligands, polymers and dendrimers. But removal of ligands often causes instability and agglomeration in the gold nanomaterials, leading to ineffective responses in vitro and in vivo. Another challenge in the use of the gold nanomaterials is aggregation in the biological buffer. Gold-aided targeted delivery can be used for drugs, antigens, and DNA. Finally, there is a need to the study the gold nanomaterials in detail to develop biocompatible AuNPs. Although researchers have extensively studied the gold nanostructures and their applications in the past few year, several important aspects remain to be studied. It should be noted that biodistribution and toxicity can be affected the by factor including morphology and synthesis method. The introduction of adjuvant properties in the gold nanomaterials has added potential for the development of next generation drug delivery systems. Finally, its advantages make gold a promising material in many biomedical fields.
